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PROBS 

The present invention relates to DNA probes for 
detecting a tandemly-repea ted nucleotide sequence in the 
gene encoding mucin glycoprotein expressed by human 
mammary epithelial cells, to the use of the probe in 
diagnosis and in "fingerprinting" individuals, to the 
polypeptides expressed by the corresponding mucin gene/ to 
antibodies against the polypeptides and to the use of the 
polypeptides and antibodies in the diagnosis and 
therapeutic treatment of cancer, 

Normal and malignant human mammary epithelial 
cells express high molecular weight glycoproteins (gps) 
which are extensively glycosylated and very antigenic. As 
a result/ many of the monoclonal antibodies (MAbs) selected 
for reactivity with human breast cancer and other 
carcinomas are found to react with molecules which are 
produced in abundance by the fully differentiated human 
mammary tissue and are found in the milk fat globule (MFG) 
and in milk. However, the level of expression of a. 
particular antigenic determinant may be different in the 
gps produced by the normal differentiated cell and in the 
similar molecules produced by breast cancers. This means 
that some antibodies can show a certain specificity for 
reacting with tumour gps. 
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The molecules bearing the epitopes recognised by 
these antibodies are complex and have been difficult to 
analyse, both because they are large and heavily 
glycosylated (>250,000 daltons) and because of the complex 
pattern of expression. Two of the MAbs, HMFG-1 and -2, 
react with a component in human milk which appears to be 
greater than 400,000 daltons, whereas the molecules found 
in sera and tumours are smaller, although the dominant 
components are still greater than 200,000 daltons on 
immunoblots. The large glycoprotein produced by the 
differentiated mammary epithelial cells found in human milk 
or in the milk fat globule has been purified and shown to 
have some of the characteristics of the mucins. This 
component contains a large amount of carbohydrate joined in 
O-linkage to serine and threonine residues via the linkage 
sugar N-acetylgalactosamine . Moreover, the core protein 
contains high levels of serine, threonine and proline and 
low levels of aromatic and sulphur containing amino acids. 

These mucin-like glycoproteins are also secreted 
by a number of other normal epithelial cells. The 
monoclonal antibody HMFG-1 is highly reactive with the milk 
mucin and evidence suggests that the epitope recognised by 
this antibody is more abundant on the fully processed 
mucin, characteristic of normal differentiation. 

In tumours, the molecular weight of the molecules 
carrying these antigenic determinants differs among 
individual tumours and f in the case of the components 



recognised by the HMFG-2 antibody, can range from 80-400K 
da.ltons. Although it appears that the differences observed 
. in the mobility of the high molecular weight bands are due 
to genetic polymorphism this probably does not explain 
variations in the size of the lower bands. It has been 
proposed that these may be the result of aberrant 
processing occurring in the tumour cell possibly within the 
glycosylation pathways . 

For the majority of the monoclonal antibodies 
reacting with this group of molecules the exact nature of 
the antigenic epitopes remains unclear but circumstantial 
evidence has suggested that carbohydrate may at least be 
partly involved in many of the epitopes. Moreover, from 
previously available data it was not known whether the 
mucin found in the normal differentiated cells, and that 
observed in the tumours, contain the same core protein, or 
just carry common carbohydrate determinants. 

Mucin has now been isolated from human milk by 
affinity chromatography enabling identification of the core 
protein and the gene encoding the protein. This has been 
found to be a highly polymorphic gene defined by the peanut 
urinary mucin (PUM) locus [see Swallow ert al . , Disease 
Markers , 4, 247, (1986) and Nature, 327 , 82-84 (1987)]. 
The gene product, which is hereafter referred to as human 
polymorphic epithelial mucin or HPEM, has been detected in 

* 

breast tumours and other carcinomas as well as in some 
normal epithelial tissues. 
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It has now been found that the HPEM core protein 
has epitopes which also appear in the aberrantly processed 
gps produced by adenocarcinoma cells. Certain of these 
epitopes are not exposed in the fully processed mucin 
glycoprotein produced by the lactating mammary gland. 

In one aspect the present invention therefore 
provides an antibody against a human mucin core protein 
which antibody substantially does not react with a fully 
processed human mucin glycoprotein. 

As used herein the term "antibody" is intended to 
include fragments of antibodies bearing antigen binding 
sites such as the ?{ab') 2 fragments. 

Antibodies according to the present invention 
react with HPEM core protein, especially as expressed by 
colon, lung, ovary and particularly breast carcinomas, but 
have reduced or no reaction with the corresponding fully 
processed HPEM. In a particular aspect the antibodies 
react with HPEM core protein but not with fully processed 
HPEM glycoprotein as produced by the normal lactating human 

mammary gland. 

Antibodies according to the present invention 
have no significant reaction with the mucin glycoproteins 
produced by pregnant or lactating mammary epithelial 
tissues but react with the mucin proteins expressed by 
mammary epithelial adenocarcinoma cells. These antibodies 
show a much reduced reaction with benign breast tumours and 
are therefore useful in the diagnosis and localisation of 



breast cancer as well as in therapeutic methods. 

The antibodies may be used for other purposes 
including screening cell cultures for the polypeptide 
expression product of the human mammary epithelial mucin 
gene, or fragments thereof, particularly the nascent 
expression product. In this case the antibodies may 
conveniently be polyclonal or monoclonal antibodies. 

Antibodies according to the present invention may 
be produced by innoculation of suitable animals with HPEM 
core protein or a fragment thereof such as the peptides 
described below. Monoclonal antibodies are produced by the 
method of Kohler & Milstein (Nature 256 , 495-497/1975) by 
immortalising spleen cells from an animal innoculated with 
the mucin core protein or a fragment thereof, usually by 
fusion with an immortal cell line (preferably a myeloma 
cell line) , of the same or a different species as the 
innoculated animal, followed by the appropriate cloning and 
screening steps. 

In a particular aspect the present invention 
provides the monoclonal antibodies designated SM3 against 
the HPEM core protein. In another aspect the invention 
provides the hybridoma cell line which secretes the 
antibodies SM3 and has been designated HSM3. Samples of 
HSM3 have been deposited with ECACC on 7th January 1987 
under accession number 87010701. 

Using antibodies according to the invention it 
has been possible to screen a phage library constructed 
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from mRNA isolated from a human breast cancer cell line to 
identify sequences coding for portions of the mucin core 
protein. Complementary DNA sequences have been constructed 
and from these it has surprisingly been found that the gene 
encoding the core protein contains multiple tandem repeats 
of a 60 base sequence leading to considerable polymorphism 
sufficiently extensive that cDNA fragments corresponding to 
the repeat sequence would be useful for fingerprinting DNA. 
The fingerprinting thus made possible has applications in 
for instance ascertaining whether bone marrow growth after 
transplants is from the host or the donor and in forensic 
medicine for identifying individuals using body tissues or 

fluids . 

Accordingly the present invention also provides a 
nucleic acid fragment comprising at least 17 nucleotide 
bases the fragment being hybridisable with at least one of 

a) the DNA sequence 

5 1 * 

ACC GTG GGC TGG GGG GGC GGT GGA GCC CGG- 

GGC CGG CCT GGT GTC CGG GGC CGA GGT GAC- 

ACC GTG GGC TGG GGG GGC GGT GGA GCC CGG- 

3' 

GGC CGG CCT GGT GTC CGG GGC CGA GGT GAC 

b) DNA complementary to the DNA of a), i.e. of sequence 

5' 

GTC ACC TCG GCC CCG GAC ACC AGG CCG GCC- 
* 

CCG GGC TCC ACC GCC CCC CCA GCC CAC GGT- 

GTC ACC TCG GCC CCG GAC ACC AGG CCG GCC- 
* 3' 
CCG GGC TCC ACC GCC CCC CCA GCC CAC GGT 



c) RNA having a sequence corresponding to the DNA sequence 
of a) and 

d) RNA having a sequence corresponding to the complementary 

DNA sequence of b) • 

The sequences in (a) and (b) each include a double 
tandem repeat sequence of 120 bases. Fragments according to 
the invention may correspond to any portion of this sequence 
including portions bridging the start point of the repeat. 

Fragments according to the invention will 
hybridise under conditions of low stringency with the DNA 
and RNA sequences (a) to (d) above. Preferred fragments are 
those which also hybridise under conditions of high 
stringency. The most preferred fragments of the invention 
are those which have sequences exactly identical to, or 
exactly complementary to the sequences (a) to (d) above. 

Normally a given DNA or RNA fragment according to 
the invention will be capable of hybridising with both DNA 
according to a) and RNA according to c) or with both DNA 
according to b) and RNA according to d) above. 

Preferably the nucleic acid fragment according to 
the present invention will co. -rise a portion of at least 30 
nucleotide bases capable of hybridising with at least one of 

a) to d) above, more preferably at least 50 such bases and 
most preferably the fragment contains a sequence of 60 bases 
exactly complementary to one of the repeat sequences of a), 

b) c) or d) above. Other fragments of the invention may . 
comprise two or more repeats of such a sequence, optionally 
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with minor variations by way of substitution. Preferably 
such fragments include an integral number of such repeat 
sequences. Further fragments of the invention comprise the 
tandem repeat sequence and additional coding or non-coding 
5* and/or 3' flanking sequences corresponding to the HPEM 
gene or a portion thereof. 

When the existence of a tandem repeat sequence was 
first identified it was believed that the sequence consisted 
of 59 base pairs corresponding with the sequences indicated 
in (a) and (b) above except for the lack of the base 
indicated with "* n . 

Many fragments according to the invention as 
originally defined in British Patent Application No. 8700269 
also conform with the new definition of fragments as set out 
herein and those fragments of sequences defined under (a) , 
(b) , (c) or (d) above which do not include the bases marked 

form a particular aspect of the present invention. Such 
fragments have sequences corresponding to at least a portion 
of the sequences 

a 1 ) GTG GGC TGG GGG GGC GGT GGA GGC 

a 1 : ) CGG GGC CGG CCT GGT GTC CGG GGC CGA GGT GAC AC 

b 1 ) DNA complementary to the sequence of a 1 ) or a"), 

c f ) RNA having a sequence corresponding to the sequence of 

a' ) or a 1 1 ) and 
d f ) RNA having a sequence corresponding to one of the 

complementary DNA sequences of b*) 

In the human genome the DNA tandem repeat sequence 
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comprises antiparallel double stranded DNA, one strand 
having sequence (a) and being paired with a strand having 
sequence (b) . 

As mentioned above the nucleic acid fragments of 
the invention may be used as a probe for detecting one or 
other strand of the DNA tandem repeat sequence in the human 
genome, or RNA transcribed from either strand and hence for 
identifying the gene or genes for human mucin core proteins, 
inRNA transcribed therefrom and complementary DNA and RNA . 
For such purposes it may be convenient to use the complete 
normal gene comprising at least one tandem repeat sequence, 
or mRNA transcribed therefrom or to attach non-complementary 
fragments to either or both the 5 1 and 3 1 ends of a fragment 
according to the invention and/or to attach detectable 
labels (such as radioisotopes, fluorescent or enzyme labels) 
to the probe or to bind the probe to a solid support. All 
of these may be achieved by conventional methods and the 
nucleic acid fragments of the invention may be produced de 
novo by conventional nucleic acid synthesis techniques. 

The nucleic acid fragments of the present 
invention may also be used in active immunisation 
techniques. In such methods the fragment codes for a 
polypeptide chain substantially identical to a portion of 
the mucin core protein and may be extended at either or both 
the 5 1 and 3* ends with further coding or non-coding nucleic 
acid sequences including regulatory and promoter sequences, 
marker sequences and splicing or ligating sites. Coding 
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sequences may code for corresponding portions of the mucin 
core protein chain or for other polypeptide chains. The 
fragment according to the invention, together with any 
necessary or desirable flanking sequences is inserted, in an 
appropriate open reading frame register, into a suitable 
vector such as a plasmid or a viral genome (for instance 
vaccinia virus genome) and is then expressed as a 
polypeptide product by conventional techniques. In one 
aspect the polypeptide product may be produced by culturing 
appropriate cells transformed with a vector, harvested and 
used as an immunogen to induce active immunity against the 
mucin core protein. In another aspect the vector, 
particularly in the form of a virus, may be directly 
innoculated into a human or animal to be immunised. The 
vector then directs expression of the polypeptide ^in vivo 
and this in turn serves as an immunogen to induce active 
immunity against the mucin core protein. 

The invention therefore provides nucleic acid 
fragments as hereinbefore defined for use in methods of 
treatment of the human or animal body by surgery or therapy 
and in diagnostic methods practised on the human or animal 
body. The invention also provides such methods for • 
treatment of the human or animal body by surgery or therapy 
and diagnostic methods practised in vivo as well as ex vivo 
and in vitro . 

The invention further provides a polypeptide 
comprising a series of residues encoded by the DNA tandem 
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repeat sequencer the sequence shown at (b) above being the 
coding sequence* Polypeptides according to the invention 
are selected from any of those having 5 or more amino acid 
residues represented by the lollowing amino acid sequence 

Val Thr Ser Ala Pro Asp Thr Arg Pro Ala Pro Gly Ser Thr 
Ala Pro Pro Ala His Gly*Val Thr Ser Ala Pro Asp Thr Arg 
Pro Ala Pro Gly Ser Thr Ala Pro Pro Ala His Gly 
("*" marks the start of the repeat in the peptide) * 

Polypeptides according to the invention may have 
a sequence corresponding with any portion of the 40 
residue sequence above and may include the start point of 
the repeat sequence. 

Other polypeptides according to the invention 
include three or more repeats of the 20 amino acid repeat 
sequence. Such polypeptides may include minor variations 
by way of substitution of individual amino acid residues. 

The invention further provides polypeptides as 
defined above modified by addition of N-acetyl 
galactosamine (a linkage sugar) on serine and/or threonine 
residues and by addition of oligosaccharide moieties to 
that or via other linkage sugars and/or fragments linked 
to carrier proteins such as keyhole limpet haemocyanin, 
albumen or thyr oglobul in . 

Preferably the polypeptide comprises at least 10 
amino acid residues of the sequence above, more preferably 
20 residues. The polypeptide may comprise the full 
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sequence above. Such polypeptides may further comprise 
additional amino acid residues, preferably conforming to 
the amino acid sequence of HPEM core protein. 

In a further aspect the present invention 
provides the HPEM core protein. This is encoded by the 
PUM gene and may be produced by recombinant DNA techniques 
and expressed without glycosylation in human or non-human 
cells. Alternatively it may be obtained by stripping 
carbohydrate from native human mucin glycoprotein which 
? itself may be produced by isolation from samples of human 
H tissue or body fluids or by expression and full processing 
3 in a human cell line. The HPEM core protein may be used 
y for raising antibodies in animals for use in passive 

immunisation, diagnostic tests and tumour localisation and 
^ in active immuni sa t ion of humans . 

ft The invention further provides antibodies 

3 (monoclonal or polyclonal) , and fragments thereof, against 
any of the polypeptides described above. Such antibodies 
may be obtained by conventional methods and are useful in 
diagnostic and therapeutic applications. 

The invention further provides antibodies 
(monoclonal or polyclonal), or fragments thereof, linked 
to therapeutically or diagnost ically effective ligands. 
For therapeutic use of the antibodies the ligands are 
lethal agents to be delivered to cancerous breast or other 
tissue in order to incapacitate or kill transformed cells. 
Lethal agents include toxins, radioisotopes and 'direct 
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- killing agents 5 such as components of complement as well 
as cytotoxic or other drugs. Further therapeutic uses of 
the antibodies inclusive passive immunisation. 

The invention further provides therapeutic 
methods comprising the administration of effective 
non-toxic amounts of such antibodies or fragments thereof 
and antibodies or fragments thereof for use in therapeutic 
treatment of the human or animal body. Especially in 
therapeutic applications it may be appropriate^ to modify 
the antibody by coupling the Fab region thereof to the Fc 
region of antibodies derived from the species to be 
treated (e.g. such that the Fab region of mouse monoclonal 
antibodies may be administered with a human Fc region to 
avoid immune response by a human patient) or in order to 
vary the isotype of the antibody. 

In the diagnostic field the antibodies may be 
linked to ligands such as solid supports and detectable 
labels such as enzyme labels, chromophores and 
fluorophores as well as radioisotopes and other directly 
or indirectly detectable labels. Preferably monoclonal 
antibodies or fragments thereof are used in diagnosis. 

The invention further provides a diagnostic 
assay method comprising contacting a sample suspected to 
contain abnormal human mucin glycoproteins with an 
antibody as defined above. Such methods include tumour 
localisation involving administration to the patient of 
the antibody or fragment thereof bearing a detectable 
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label or of an antibody or fragment thereof and, 
separately simultaneously or sequentially in either order 
a labelling entity capable of selectively binding the 
antibody or fragment thereof. The invention also provides 
antibodies or fragments thereof for use in diagnostic 
methods practised on the human or animal body. 

Particular uses of the antibodies include 
diagnostic assays for detecting and/or assessing the 
severity of breast, ovary and lung cancers. 

Diagnostic test kits are provided for use in 
diagnostic assays and comprise antibody or a fragment 
thereof, optionally suitable labels and other reagents 
and, especially for use in competitive assays, standard 
sera. 

The invention will now be illustrated by the 
following Examples and with reference to the figures of 
the accompanying drawings in which 
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Pirure Legend_B 

Pi pure 1: Purification of the ailk rucir by Jjesuso affinity 
chromatography usin* the antibody Kk!7G-1. Hilts froa srrtral 
lndiriduala wre co&bined and absorbed to a 2fi£7G-1-5epharose column as 
described in Methods. Jhe material tinting at low pH tab Iodinated 
and subjected to PAGE electrophoresis and autoradiography (track 1). 
The iodinated material was precipitated ui&£ the Protein A »ethod 
vith antibodies H£?G-1 (track 5), K£TG-2 {track 2), ST254 (track 3) 
and RPKJ 4 20% PCS (track 4). 

125 

TirvLTB 2 : Comparison of the I labelled purified silk sue in vitb 
irzrunoblot of huran skinsed rilk. A, husan akiraed cilk ra& subjected 
trO SDS polyacrylaride electrophoresis , transferred to nitrocellulose 
paper, the blot probed with the oonoclonal antibody JQ£?G-1 and binding 
detected using an IUSA method. B, after purification on an K1£?G-1 
affinity column followed by G75 &sphadex chromatography the cilk cucin 
was iodinated by the Bclton and Hunter «ethod and subjected to SDS 
polyacrylaride electrophoresis and autoradiography. 

Pirure S ; Autoradiography of the iodinated rilk «ucin after treatment 
*ith hydrogen fluoride. The purified milk mucin .via treated vith HP 
for 3 hours at rooa taeperature (track 1) or 1 hour at 4*C (track 2) 
and the rasulting preparations were then l&dinatftd and run on EDS 

polyacrylarids gals. 
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firure 4 : Reactivity of the intact, partially stripped or extensively 
•tripped milk mucin with iodinated lectins. The purified Intact milk 



subjected to SDS polyacrylanide electrophoresis and then transferred 
to nitrocellulose paper. The paper was then probed with 125 I PKA 
(peanut agglutinin), 125 I WGA (wheat germ agglutinin), or 125 1 EPA 
(Helix poxsatia agglutinin). 

Firure 5 : Immuncprecipitstion and icrunohlets of the partially a;.d 
extensively stripped mucin. A, the 125 I extensively stripped mucin 
was imsunoprecipitsted with SK-3 (track 5), K£?G-2 (track 2) or K32 
medium as a control (track 1) by the protein A plate method (see 
Kateriala and Methods). B # the partially stripped mucin (track 1) or 
extensively stripped mucin (track 2) was run on SDS polyacrylamide 
gels and transferred to nitrocellulose paper. The blot was then 
reacted with a cocktail of QUS and SH-4 monoclonal antibodies and th< 
binding detected using an HJSA method. 

figure 6: Reactivity of monoclonal antibodies and with 

aethacarn fixed breast tissue and tumour sections using an indirect 
ismunoperoxidaae staining method. Infiltrating ductal carcinoma 
ahowing strong reactivity with both (A) and (B) 

Tibroadenoma ahowing no reactivity with (C) and strong 

heterogeneous ataining of the epithelium with Hi£rC-2 (D) » Papilloma 
ahowing wery weak reactivity with EX-Z (Z) and strong positivity with 
Ei£?G-2 (F). Both corral resting breast (G) and lactating breast (I) 



smcin (track 1) f the mucin treated with K? for 1 hour at 4*C (track 2) 

V 

and the mucin treated for S hours at room temperature (track S) were 
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were aegatiye when stained vith &!-3 t whereas both tissues stained 
positively with with lactating breast (J) much stronger t-ha-n 

xjormal resting breast (H) . 
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Figure Legends 

Figure 7. Periodic acid-silver stained milk mucin after antibody 
affinity column and eel filtration column, Kilk mucin was purified on 
an H3£?G— 1 antibody affinity column (lane 1) followed by passage 
through a G75 Sephadex column (lane 2), subjected to 
HaDodSO^/polyacryl amide gel electrophoresis, and silver stained 
following treatment of gels with 0.2% periodic acid. 

Figure p. Silver stain of partially and totally stripped core 
protein from milk mucin. The purified milk mucin was deglycosylated 
by treatment with anhydrous hydrogen fluoride for 1 hr at 0 # C (lane 1) 
and 3 hr at room temperature (lane 2), separated by electrophoresis 
through a NaDodSO^/polyacrylamide gel (10%) and silver stained. 

Figure q . Immunoprecipitation with KAbs of in vitro translated 
protein products from MCF-7 poly(A) + RNA. Poly(A)* RNA from MCF-7 
cells was translated in a rabbit reticulocyte lysate system (Amersham) 
in the presence of [ 35 S]methionine .(1000 Ci/ssnole; 1Ci « 37 GBq) 
following the manufacturer's conditions. Samples containing 5x10 
acid precipitable cpm were precipitated with KAbs SU-4 (lane a) f SU3 

(lane b) , BEFG-2 (lane c), (lane d) and an irrelevant ItAh to 

interferon (lane e, 24) t separated cn a HaDodSO^/polyacryl amide gel 

(10%), impregnated with Amplify and exposed to XAR-5 film at -70 # C for 

20 days 8 
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Figure 10 . Immunoblot analysis of fusion proteins froa the Xsuc 
clones. The phage clones XHUO 3,4,6,7,5,9 and 10 were used to 
lysogenize bacterial strain T 1089. lysogens were grown at 32*C, 
shifted to 42 "C, and then induced with IFTG. Lysogen proteins were 
fractionated by alectrophoresis through a NaDodSO^/polyaerylamide gel 
(7.5%) f transferred to nitrocellulose, and reached with KU7G-2. The 
binding was detected with an FLTSA method using 4-chloro-1 -caphthol as 
the substrate. The numbers are those of the X clones. 

Figure 11 « .Hybridization of p\TJC10 to cDKA inserts of pKJC clones. 
UNA froa the plasmid clones was digested with restriction enzyme EcoRI 
to excise the cDNA inserts, separated by electrophoresis on 1.4£ 
agarose and transferred to Biodyne nylon membrane. The filter was - 
hybridized using standard conditions (54) to the insert from plIUCIO 
which was labelled with [a- pjdCTP by the method of random priaing 
(41). Lanes: plasmid clones 3,4, 6 V 7, B C S»1 0. 

Figure 12* RKA blot hybridization analysis of mammary breast cue in 
mRNA. 10 pg of total RKA froa human breast cancer cells MCF-7 (lane 
1) and T47D (lane 2), normal human mammary epithelial cells Hnl£E (lane 
3), human «mbryonic fibroblasts ICR? 23 (lane 4), Daudi cells (lane 5) 
and carcinosarcoma ES578T cells (lane 5) were separated in a 1.3% 
agarose/glyozal gel, blotted on to nitrocellulose and hybridized to 
the plTUCIO EcoRI insert which was labelled with [a- p]dCTP by the 
nethod of random priming (41). The size markers were 2SS (5.4 kb) and 
1BS (2.1kb) rRNAs. 



Figure 13 . Polymorphic human DKA fragments detected by 
hybridization with pHUC1 0 probe. Genomic DKA samples prepared from 
the white blood cells from ten individuals (six unrelated) and from 



respectively, and transferred to Biodyne nylon »embranes. The filter 

was hybridized to the pVTDCIO DKA insert which was labelled with 
52 

[a pJdCTP by the methods of random priming (41). X-ray film was 
•rposed for 1 day at -70*C with intensifying screens. Lanes 1-4 
father, two daughters and mother, lanes 5-10 "unrelated individuals, 
lane 11 is KCF-7, lane 12 is ZR75-1, lane 13 is 1CHF-23. The DNA 
samples exhibit a wide distribution of sizes. Numbers indicate length 
of DKA in kb. The apparent bands at 231b are in lanes 12 and 13 are 
artefacts introduced in autoradiography 



three cell lines were digested to completion with HinfZ and EcoRI, 
fractionated by electrphoresis through 0.7JC *ad 0.6JE agarose. 
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Example 1 

Purification of the silk icucin 

The milk cucin was purified fros huaan tldsaed silk by passage 
through an HCTG-1 affinity column followed by aire exclusion 
chromatography. The H£FG-1 monoclonal antibody wan purified from 
tissue culture supernatant using a protein A column (1). The purified 
antibody was coupled to cyanogen bromide activated sepharcee 
(Pharmacia) as described in th6 mtnuf acturer 1 a instructions. Human 
shinned milk was passed in batcbeB of 100 ml tkrou£.h the antibody 
ccjum followed by extensive washing with PBS. Bound txtij.cn was 
•luted fron the column Tising 0.1 If glycine pH 2.5 and the fractions 
registering an optical density at 26Dnn were pooled, dialysed against 
0.25 U acetic acid and lyophilixed. Batches cf about 20 nge were 
dissolved in 0.25 U acetic acid and passed through a G75 Scphadez 
column (1 2 100 em) which had beon previously equiligrated with acetic 
acid. The column was washed with 0,25 ¥ acetic acid and 1ml fractions 
collected. The peak fractions which were eluted in the void volume 
were pooled, lyophilixed and the dry powder stored at 4*C. Amino acid 
analysis vas performed using a Becknan 5300 amino acid analyser. 

I>eglTcosylation of the milk mucin 

To remove the 0-1 inked carbohydrate fron the ailk ssucin the 
molecule vas treated with anhydrous hydrogen fluoride as described by 
Mort and Lamport f21)» for either 1 hour at 4*C which produced a 
partially stripped preparation, or S hours at room temperature which 
produced the extensively stripped mucin. 
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lodination of the milk mucin 

lodinationa of the purified mucin p the partially or sxtensively 
■tripped mucin were carried out using the Bolton and Hunter method 
(51). Briefly, the *ucin, 2.5 pz in 20 pi 0.1M borate buffer pH 8.5, 
was added to the dried Bolton and Hunter reagent (1 mCi, Amershaa 
International pic) and incubated at room temperature for 15 minute a. 
The reaction was stopped by the addition of 0.5 al of 0.2k glycine in 
borate buffer and after a further 15 minuteB incubation, free Bolton 
and Hunter reagent was removed by passage through a G25 Sephadex 
column (PD10 colwana, Pharmacia) previously equilibriated in PBS. 

lodination of Lectins 

Wheat term agglutinin (WGA), peanut agglutinin (FtfA) (Vector Labs 
and Helix pomatia agglutinin (HPA) (Boehringer) were iodinated as 
described by Xarlsson et al. (52) using the chloraaine T method. 

Polvacrvlaride gels and Western blots 

Poly acryl aside gel electrophoresis and imsun obi ot ting was 
performed as described previously (1). Briefly, samples were run on 
5-1 5JC polyacrylanide gels and then slectrophoretically transferred to 
nitrocellulose paper (Schleicher and Schuell) at 50 volts overnight 
at 4*C (36). In the ixmsunoblotting experiments the paper was reacted 
with monoclonal antibodies and binding detected with an ZLISA aethod 
tising 4-chloro-1-naphthol as the substrata. For lectin binding 
studies the Western blots wrrs reacted with the iodinated lectins as 

+ 

described by Swallow et al. 68). 
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production of aonoclonal antibodies 

A feaale BALB/c rouse waa iasuniaed with 5 of the partially 
•tripped milk aucin In Preund'e cosplite adjuvant and 5 aonths later 
booated with a further 5 jig of the eaae preparation In Preund'e 
incoaplete adjuvant. After a farther 20 days, 5 pg of the smcin 
•xtanaiTaly atripped of its carbohydrate was *iven intravenously in 
aaline aolution. The apleen was reaoved 4 days later, and fused with 
the HS2 »ouae ayeloaa cell line (53). 



Screening of hvbridosa euoernatant and i=unoT>r*ecipitBtions 

Tne screening assay web a aodif ication- of that described by Melero 
and Gonzalez-Rodriguez (54^. Multiwell plates were coated with 50 pi 
cf 0.1 ag/al protein A (Pharmacia Pine Cheaicals) in PBS and allowed 
to dry overnight at 57 *C. The plates were blocked with 5% BSA for 1 
hour, at 57 # C followed by the addition of 50 jil of rabbit anti-aouse 
iaaunoglobulin (DAIO, diluted 1:10 in PBS/BSA = PBS/BSA). After 
incubating for 2 hours at 57 *C the plates were washed twice with PBS 
containing 1 JC BSA and 50 fil of hybridoma supernatant added. The 
platea «re incubated overnight at 4*C, waahed twice with PBS/BSA and 
50 |il of iodinated partially atripped aucin containing 100,000 cpn 
added to each veil. The plate a were then incubated at rooa 
teaperature for 4 houra, washed 4 tiaea with PBS/BSA and the 
individual wella counted in a g aama counter. For iaaunoprecipitation 
eiperiaenta 50 |il of SDS saaple buffer containing dithiothreitol was 
added to each of the wella which were then boiled for 5 ainutea and 
the buffer loaded onto 5-15% polyacryl aside gradient gels. 
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Staining cf tissue sections 

Tissues from priaary mammary carcinomas, benign bnut biopsies, 

* 

normal breast, and pregnant lactatin^ breast tissue were fixed In 
■ethacarn (me than ol chloroform and acetic acid 60:30:10) and ambedded 
into paraffin wax* Sections were atained with the antibodies nain^ 
the indirect peroxidase anti peroxidase method as previously described 
(47). 

Results 

Purification of the milk mucin 

The silk mucin was purified from human ekimaed milk on an HKFG-1 
antibody affinity column, lodination of the eluted material revealed 
the presence of a large molecular weight component and a 6 BED band. 
Precipitation of the affinity purified material with antibodies HU?G-1 
and H5£?G-2 (tracks 2 and 5) followed by eel electrophoresis ahowed 
that both the high aolecular weight coaponents -the 6BO component 
were precipitated by both antibodies (less affectively by K3£FG-2) • 
Since the 6SED component was also precipitated by two unrelated 
antibodies (figure 1 9 tracks 3 and 4) and this component was not 
evident on an issunoblot of the purified material reacted with HU?G-1 
(figure 2A), the 681 component was removed by aolecular aieve 
chromatography on a 075 column* The final purified product ahowed a 
major high aolecular weight band, with only a trace of the 6BX 
component and a minor contaminant around 1 41 (figure £B), 
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A high molecular weight glycoprotein (PAS-O) containing more than 
50% carbohydrate in O-linhage has been purified from the human milk 
fat globule by Shimiru and Xaaauchi (83* To ate whether this 
component was aimilar to the mucin isolated from milk by affinity 
chromatography on an E3£?G-1 affinity column, the aaino acid 
eompoaition of the purified BiFff-l reactive auein was determined and 
compared to the amino acid composition of the purified PAS-0 
component. Table 1 ahows that there is good correspondence between 
the two sets of data, indicating that the core proteins of PAS-0 and 
the mucin purified here are the aame. 

Isolation of the core protein of the milk mucin 

As there are no enzymes easily available that are efficient at 
rer:~7::v O-linked augars , and {$ elimination often results in damage to 
the protein core, the oligosaccharides were removed by treatment of 
the mucin with anhydrous hydrogen fluoride. This treatment has been 
ahown by Mort and Lamport (21^ to be effective in removing augars from 
pig aubmaxiUary mucin without damaging the protein core. Aaino acid 
analysis of the material produced after HF treatment of the milk mucin 
auggested that the protein core was also in this. case undamaged, aince 
the composition was the aame as that aeen in the intact mucin (Table 
1). 

Initially the milk mucin wai arposed to HF for only 1 hour at 4\ 
but asalysia of the product showed that there was only partial removal 
of the augars with auch treatment t and it was necessary to treat the 
mucin at room temperature for 3 hours to obtain a molecule which 
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showed no lectin binding ability, figure 3 shows an autoradiog raph of 
the iodinated products after treataent for 1 hour at 4* (track 2) or 3 
houre at RT (track 1). It can be aeen from rigure 3 that the wilder 
treataent results in a fixture of products cade asp of high molecular 
night aaterial which Is alightly ecaller than the intact mucin and a 
rusher of analler bands. JLfter longer axpoaure to E? at rooa 
temperature , the high aolecular weight bande disappeared resulting in 
polypeptide bandB of about 6BID and 72EZ). 

To test for the presence cf eugare on the inttcv sucin and on the 
products produced after the two different KF treatments each 

preparation vas aubjected to ecrylanide gel electrophoresis, 

125 

transferred to nitrocellulose paper and reacted vitb I-labelled 
lectins. The lectins used rare peanut lectin (PNA) vhich reactB with 
galactose linked to K-acetyl galactosanine f whett gtrm (*GA) reactive 
with K-acetyl glucosamine and Helix ponatia agglutinin (HPA) which 
reacts with the linkage sugar in O-linked glycosylstion, 

■ 

^-acetylgalactosamine. Figure 4 shows autoradiograph? of the reacted 
blots, and it can be aeen ^ha^ while treatment rith for 1 hr at 4* 
(track 2) altera the lectin reactivity of the eucin, carbohydrate is 
•till present. Interestingly, however, there is a cuch lower level of 
binding of FKA to the high molecular weight material of the partially 
•tripped arucin than is aeen with the intact »ucin (track 1). 
Moreover, thia lots in PKA binding ability ia accompanied by binding 
of the linkage eugar apecific lectin HP A. Thia lectin ahows no 
binding at all to the intact cucin, and the changed pattern of lectin 
binding after limited treataent with E? indicates that augara aiaifcing 
the 0-linked X-acetylgalactoeasine have been atripped off. Ihe 
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; 'snaller eoaponent Been in both the intact cue in (track 1) and in the 
partially atripped preparation (track 2) ii a glycoprotein which 
reacta with ISA, although not with PXA. Ihia aay correapond to the 
cocponent of sicilar aolecular weight (around 681) aaen after affinity 
chrocatography of the rucin and ssay repreaent an intermediate 
precunor colecule. 

figure 4 shows clearly that the 6 BE iLnd 721 conponente produced 
After extensive treatment with HP. (5 hr at RT) t show no reactivity 
with the lectins (track 5), includin£ the X-acetylgalaetosasine 
specific lectin HPA, Thie observation constitutes strong evidence 
that the sugars have bean re.ovedfrom at least the rajority of the 
roleculea, end we will refer to this preparation an the extenfiively 
stripped zrjein. 



Generation of gor.oclonal antibodies to the gilk sucin core ^protein 

A fusion was carried out using the spleen of a nouse that had been 

i=unized with two injections of the partially atripped cilk sucin 
followed by a boost with the exter,EivtIy stripped icuein. The clones 
were initially screened against the 125 I partially stripped material 
using protein A plates (aee Methods), ?cur hybridoaas were selected 
and cloned , and table 2 ahowa their spectrtsa of reactivity with the 
intact, partially and extenairely Btri^td »uciu. As can be seen fros 
this tsble three of the hybridomas which were isolated showed a strong 
reaction with the partially and extensively stripped Ruein and did not 
react with the intact *ucin. These appeared to be good candidates for 
monoclonal antibodies to the protein core and two, and were 

selected to be characterised further. 
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It can alio be seen from table 2 that the HM7C-1 and 
antibodies reacted very strongly with the mucin stripped cf its 
carbohydrate. Theae two antibodies were, is fact, developed using the 
intact mucin (from the milk fat globule) as iamunogen and, in the case 
of HJffG-2, growing atmary spithelial cella their reaction with 

the stripped mucin waa unexpected, at circumstantial svidence bad 
previously led to the belief that carbohydrate might form at least 
part of their antigenic epitopes. 

Molecul ar VeiEht of molecules carrying antigenic determinants 

The smtibody SM-5 was ahown to be of the IgG1 subclass, while the 
SM-4 antibody was found to be Igk. We therefore chose to use the 
antibody in subsequent experiments since antibodies of the IgM class 
can present problems in some appliction. Immunoprecipitation of the 
extensively stripped material with Sf-3 ahowed a reaction with the 
lectin unreactive 681 component (Figure 5A, track 5). She monoclonal 
Antibody »£?G-2 can alao be seen to immune precipitate the 
lectin-unreactive 6&K component (track 2). The antibodies were 
reactive with antigen on immunoblota and Figure 5B shows the reaction 
of antibody with the dominant 681 band of the extensively 

stripped mucin (track 2), 

We have previously shown that the molecular weight of the 
components in breast cancer cells carrying determinants found on the 
milk mucin is lower than 400Z and can wary from one tumour to another 
(1). Raaction of antibody SH-3 »ith We it era blot« cf i«l » •pirate 
"tracts of breast twaonr cells shows that this antibody reacts with 
componenta of similar molecular weight to those reactive with antibody 




« * 

HH7G-2 (data not shown). Because the antibody SU-3 differs fron the 
antibodies Hk£?G-1 and 2 in that it does not react with the intact 
*ucin processed by the lactating gland and yet reacts with aolecules 
proceased by breast cancer cells, it was appropriate to examine the 
reaction of SH-5 with a range of breast cancers* 

Reactivity of SM-3 with breast tissues and tnaours 

The antibody SU-5 reacted with paraffin embedded tissues provided 
these were fixed in aethaearn (not fonnal saline) . Using this method 
for preparation of tissue sections, the reaction of the antibody was 
compared to that of KV£7G-2 cn breast tissues and tumours with an 
indirect imaiunoperoxidase staining method, die analysis ahowed a 
dramatic difference in the ataining pattern of Sk-3 compared to that 
seen with HVI7G-2, Thus, although a strong positive reaction was seen 
in 20/22 breast cancera stained with SU-3 (as compared to 22/22 
stained with ffl£?G-2), normal resting breast, pregnant or lactating 
tissues and most benign lesions were largely unstained with SM-3 but 
were stained with »£FG-2. Some examples of ataining patterns of breast 
tissuea and tumours are illustrted in Figure 6. 

Twenty-two primary carcinomas and fourteen benign lesions were 
•xaained and the reaction of Slf-3 compared to the ataining with &£?G-2 
in each case. In the primary carcinomas, ataining with SH-3 was 
ieterog eneoua but generally quite strong and always confined to tumour 
cells j connective tissue and atroma ahowed no reaction (see figures 
6A,B). In the four fibroadenoaaa examined, staining cf the epithelium 
with BffG-2 was strong although heterogeneous* In comparieon, 
ataining with SH-3 was negative in one caae and in the three others 
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staining was confined to only one or two glandular •laments, H3£?3-2 
•bowed strong positivity on the five papillomas and five cases of 
cystic disease studied while the staining observed with BUS was very 
■uch weaker and »ore heterogeneous (figures 6G,H). She papillomas as 
. a group ahowed the strongest ataining with SU-3, and it can be aeen 
that the ataining was membranous or extracellular. 

In contrast to HDfG-1 and S£?G-2 which strongly atain lactating 
and pregnant breast, QU3 was totally negative with three out of aix 

■ 

cases of pregnant or lactating breast (aee fig-ore 6C a nd E). Two 
positive cases ahowed only very weak ataining of an occasional cell 
and in the third, ataining was confined to two areas of one lobule, 
/gain, in contrast to Kk£?G— 1 and B£FG-2 which do react with aome 

* 

terminal ductal lobular units of normal, resting braast (albeit 
weakly), was totally negative on eight out of the thirteen cases 

tested and in the other five cases staining was extremely weak and 
often confined to one or two acini in the tissue section (aee figure 
6S and J). It should perhaps be noted that the intensity of staining 
with »£FG-2 seen with normal breast tissues and benign lesions fixed 
in aethacarn was somewhat higher than that reported previously using 
formalin fixed material (50 ,4*2. 

was also shown to be negative on sections of normal liver, 
lung, thymus, sweat gland, spididymus, prostate , bladder, small 
intestine, large intestine, appendix, thyroid and skis. She antibody 
showed weak positive staining only with the distal tubules of the 
kidney, the occasional chief cell of the stomach, the occasional duct 
cell of the salivary gland and the sebaceous gland. 
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Pi Bcussion 

large molecular weight cucin aoleculei are expreiaed by siany 
earcinoaas and carry a an 7 of the tin our associated antigenic 
determinants recognised by conoclonal antibodies. Ihese epitopes nay 
also be axpreaaed by sooe noraal epitheliua, and aoae monoclonal 
antibodies like react particularly veil with a =ucin found in 

noraal huaan silk (1,17). jLb long aa the study of the arueins is 
reatricted to their detection with antibodies reactive with undefined 
epitopes f the knowledge of their structure, expression and prcct?E£in£ 
rill also be restricted, We have begun to investigate the structure 

expresaion of the CE=ary cucin by isolating the core protein and 
developing antibodies which have allowed us to select partial eDXA 
clones for the gene coding for the core protein • This Example 
describes the production and characterization of these antibodies. 

Treataent of the }££?G-1 affinity purified ailk aucin with hydroge 
fluoride resulted in the appearance of a doninant band of about 681 
dal tons .and a einor species of about 72HD cn SDS acrylaside gels, 
Theae bands showed no reactivity with lectins, including Helix pocati 
agglutinin which is specific for X-acetyl galactosaaine , the first 
sugar in 0-linked glycosylation (55). it therefore seems probable 
that this 6BI dalton polypeptide represents the core protein of the 
*ucin# Supportive evidence for this ecaes froa the observation that 
the antibodies described here, which are reactive with the stripped 
6BI coaponent, can precipitate a aoleeule of this site froa the in 
ritro translation products of aRKA isolated froa breast cancer cells 
expressing the mucin • 



SUBSTITUTE SHEET 



,WO 88/05054 



_ 32 PCT/GB88/00011 



Aa the aucin contain! at least 50% carbohydrate ( 16 ) ,a 

protein core of only 6BID appear* too snail if the intact molecule has 
an observed aolecular weight theater than 400XE. However, aucini can 
be cocposed of aaall subunits which aggregate and are held together by 
some form of non-coral ant interactions, as yet not understood. ?or 
•xaaple, although the molecular weight of the ovine rubaaxillary aucin 
has been reported to be greater than 1 x 10 6 daltona (4-5^), it haa a 
protein core of only 650 asino acids with a aolecular weight of 58,300 
daltona &6)« 

An unexpected finding was that the antibodies and H2£?G-2 

which react with the silk aucin v also ahow a positive reaction with 
the extensively stripped aaterial which ahowed no lectin binding 
capability. Previous indirect evidence, including the reaiatance to 
fixation, boiling and reduction, the repetitive nature cf their 
epitopes and the appearance of several bands on issunoblots , had led 
to the belief that carbohydrate present on the ailk aucin was involved 
in these epitopes* This idea was reinforced by the observation that 
lectins could block the binding of HH7G-1 and 2 While it is not 

possible to exclude the possibility that some sugars, undetected by 
the lectin binding axperiaents, remain on the extensively stripped 
aucin described here, this is unlikely to be the explanation for the 
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reactivity of the antibodies B£>G-1 and 2. This can be said gince 
both antibodies have recently been shown to react positively Tith 
0-g*l*ctosidase fusion proteins expressed by phage carrying DKA coding 
for the core protein of the aamaary aucin » It appears therefore that 
at least part of each of the epitopes recognised by BffG-1 and rarr— g 
contain amino acids but it am it be assumed that soae of these epitopes 
on the core protein are exposed, i.e. not masked in the fully 
glycosylated aolecule. The H^G-2 epitope is however less abundant on 
the ailk aucin than the ttEFG-1 epitope, while it is readily detectable 
on the aucin aolecules expressed by tumours (1); These aolecules have 
a scalier aolecular weight and Bay be less heavily glycosylated or 
polymerised. 

Here we have reported the development of new' antibodies which are 
reactive with the protein core of the aucin and with the partially 
deglycosylated aolecule, but which are unreactive with the fully 
processed aucin produced by the lactating aasaary gland. One of these 
antibodies which is an IgG1, has been studied in aore detail. 

It has been ahora to react with the aucin aolecules which are produced 
by breast cancer cells and are recognised by aany antibodies developed 
against the intact ailk aucin. It should be enphasixed however that 
the epitope recognised by SH-3 which is on the core protein and is 
exposed in the aucin as processed by tuaour cells, is not exposed on 
the normally processed ailk aucin. This feature offers the 
possibility of enhanced tuaour specificity, and a pilot 
immunohistochemical study of breast tuaours and tissues has shown that 
indeed the EU-S antibody reacts strongly with the aajority of primary 
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breast cancers (81 Jt) but ahovs little or no reaction with benign 
breast tumours, resting or lactating breast, and most normal tissues* 

There are several implications of the work described here which 
may be Important for both basic and clinical atudies in breast cancer. 
Xhe obserration that parts of the core protein (detectable by 
antibodies) are exposed on the mucins as proceased by breast cancer 
but masked on the mucin as processed by cells in normal breast and 
benign tumour* implies that there is an alteration in the processing 
of the mucin in malignancy. A sore detailed study of the processing 
of the mucin in normal and malignant cells may -then give baBic 
information for defining the malignant cell. Moreover, since the 
specificity of the reaction of the antibody SU3 for tumours is better 
than that of antibodies developed against the intact mucin, this 
antibody may prove to be a more effective diagnostic tool for the 
detection of breast cancer cells in tissue sections, tissue fluids and 
cells. The reactive components are membrane associated slb veil as 
intracellular and in vivo localisation of tumours may also be 



possible 



Abbreviations 



The abbreviations tiaed ara: HU7G, human milk fat globule; PBS # 
phoapbate-buffered aaline (153 mil Had, 5 ml* ICL* 10 mH Xa HPO. t 2 my 
X^PO^ pH 7.4); WGJL, wbeat gena agglutinin; PXA, paanut agglutinin; 
HP A, Helix pomatia agglutinin; BSA, feorina aarum albuain; SDS, aodiua 
dodecyl sulfate. 
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Example 2 

Purification and deglycosyl£rtion..of hu*nan milk mucin wa< 
conducted as in Example 1 mucin was purified on an HMFG-1 
antibody* 

She stripped mucin preparations were separated by electrophoresis 
through KaDodSO^/polyacrylemide eels (10%) and silver stained by two 
aethoda, one of which can be used to atain highly glycosylated 
proteins (22,23). 

Preparation of polyclonal rabbit antiserum to stripped core protein 

One New Zealand White rabbit was immunized with 100 $ig of the 
partially stripped core protein in complete Preund'a adjuvant (Gibco), 
Booster injections of 500 fig of the totally stripped core protein were 
administer ed in incomplete Freund'B adjuvant (Gibco) 3 and 4 weeks 
after the initial injection and the rabbit was bled one week later. 
Ten microliters of immune serum (75 jig/ml protein) precipitated 200 ng 
of ^ully stripped core protein in a Protein A assay (24) and detected 
it on immunoblots . The immunoglobulin fractions of rabbit preimmune 
and rabbit anti-sucin core protein were prepared by adding ammonium 
sulfate to 50% saturation* The resulting pellet was rssuspended in 
one-half the original serum volume of PBS and dialyxed against the 
same buffer. After dialysis, only residual precipitate was removed by 
centrifugation. Immunoglobulin fractions ve-'S stored in aliquots at 

-20*C. 
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Description of KAbg used 

In addition to the polyclonal antiserum used for initial screening, 

a cocktail of two KAbs, SM-3 " d <»« I*anple 1) which recognise the 

mucin eort protein (20} and HU7G-1 and HU7G«2 (1 V 14) were used to 
aeraen tht purified plaquei, the p-g*lactosidase fusion proteins and 
for iaaunoprecipitations froa in Titro translated proteins*. Other 
KAbs used were a monoclonal aati-P-g alactosidase antibody (25) which 
was a gift from H« Durbin (ICR?, London), an mnti -interferon antibody, 
ST254 (24), 1261, a keratin antibody (26) and M1 8 which recognizee a 
carbohydrate structure on the silk aucin (27). 



In Titro translation of proteins 

HNA waa isolated from the huaan breast cancer cell line 
using the guanidiua ieothiocyanate aethod of Chirgwia et al. (28) and 
poly(A) RKA was purified by chroaatography using oligo (dT) -cellulose 
{Nsw England Bio Labs). The poly(A) + RKA was translated in a 
reticulocyte lysate systea (Aaershac) in the presence of [ 35 S] 
aethionine (1000 Ci/saole; 1 Ci * 57 GBq, Aaershaa) . S&zplee 
containing 5x10* acid insoluble cpa were precipitated in a protein A 
assay (24) using UAbs SK-3, SU-4, HUFG-1 , JMPG-2 and a control 
antibody to huaan interferon. She antibody-delected proteins were 
then separated on a 10$ XaltodSO^/polyacrylaaide gel, impregnated with 
Aaplify (Aaershaa) and exposed to X/LR-5 film (Xodak) at -70 *C. 

* 

The KAbs and (SU refers to stripped smcin) show strong 

reactivity with the partially and fully stripped core protein but no 
reactivity with the fully glycosylated aucin (20). 
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Ar.tibody screening of Xgtll library and protein blotting 



The Igtll library used in this study was constructed from mJLVA 
isolated from the human breast cancer cell line HC7-7 was 
generously provided by Philippe falter and Pierre Chaabon (Strasbourg, 
France). The poly (A)* EKA used for the preparation of the randoaly 
priced library w*a prepared from ttRXA tha.t aedimented faster than 28S 

rRKA and was anriched in estrogen receptor (29). The library was made 

■ • 
•asentially as described by Huynh at al. and Toung «M Davis (30*32) 

and contained approximately 1x10^ recombinants per jig of UNA. 

Between 85% and 95% of the plaques contained inserts. 

The phage library was plated onto bacterial strain 11090 and grown 
for 3 hr at 42 *C. After isopropyl p-D-thiogalactoside (IPTG) 
induction and 3 hr of growth at 37 # C, filters vera prepared from each 
plate and screened with anti-mucin core protein antibody by the method 
of loung and Davis (32). The first antibody used in screening was the 
rabbit antiserum raised against the stripped core protein prepared as 
described above. Prior to use in screening, the antiserum was diluted 
Is 200 in PBS containing 1jt bovine aerum albumin (PBS/BSA) . 
Preabsorption with II 090 bacterial lysate was not found to be 
necessary. The nitrocellulose filters (Schleicher and Schuell) were 
blocked by incubation in PBS containing 5% BSA for 1 hr at room 
temperature with gentle agitation. The filters were incubated at room 
temperature overnight with a 1:200 dilution of antiserum in heat 
scaled plastic bags, de filters were washed 5x5 ain in PBS/BSA, 
and bound antibody was detected by using horseradish 

peroxidase-conjugated sheep anti-rabbit antiserum (Dako) diluted 1:500 
with PBS/BSA and incubated for 2 hr with the filters. The filters 




were washed 5x5 Bin in FBS/BSA and 1x10 ain in PBS before color 
detection using 4-chloro-1 -napbthol (1). Icsunoreactive bacteriophage 
were picked and purified through two additional rounds of screening. 
Subsequently , bacteriophage inaerta were aubcloned into the XcoRI 
sitea of pUC8 (53) producing the plaaaid used »ost sxtenaivaly, pMUC 
10. The plaasida wore maintained in J3H1 cells. 

To examine the p-galactoaidase-cDNA fusion proteins for 
iicsunoreactivity » cell lyaatea ware derived, lyaogens were prepared 
as deBcribed in Toung and Davis (34). Cells were pelleted, suspended 
in Laessli sample buffer (35) and separated by electrophoresis through 
HaDodSO^/polyacrylaaide gels (10%) and transferred onto nitrocellulose 
filters as described (1,35). The filters were treated as above for 
antibody screening. 

Korthern Analysis 

RKA was isolated fron tissue culture cells and frozen tissues by 
the ffuaziidiniua isothiocyanate nethod of Chirgwin et al. (28). Total 
HlfA (10 jig per lane) was denatured by heating at 55*C for 1 hr in 
deionized glyoxal and fractionated by electrophoresis through a 1.3% 
glyoxal gel (38). 2he RKA was transferred to nitrocellulose 
(Schleicher and Schuell), prehybridired and hybridized as described by 
Thosas (54). Filters were washed down to 0.12 SSC with 0.1% SDS at 
65*C and sxpoaed to JJLR-5 film (lodak) at -70*O with intensifying 



screens • 
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Southern analysis 

High molecular weight canonic DKA ns prepared from white blood 
cells and cell lines (39,40), These genomic EKAs (lOjig) were cleaved 
w/ith restriction enzymes following the manufacturer's recommended 
conditions and fractioned through 0.6JC and 0.7JS agarose gels* Cloned 
plasmid DKA was cleared and fractionated on 1.5£ agarose. The gels 
were denatured, neutralised and transferred to nylon membranes 
(Biodyne) according to the manufacturer's instructions. The £coR1 
insert from plTJCI 0 was separated on a 1J low melting point agarose 
(Biorad) gel and labelled with [c- P]dCTP by the method of random 
priming (41) and hybridized to filters at 42*C. Filters were washed 
down to 0.11 SSC with 0.1 JE SDS at 55*C and exposed to IAR-5 film 
(£odai) at -70 *C with intensifying screens. 



affinity column, followed by molecular sieve chromatography on 
Sephadex G-75 in order to remove lower molecular weight components 
(Pigure 7. lane 1). In order to demonstrate the homogeneity of the 
purified molecule f amino acid analyses of four separate preparations 
were performed and revealed a fairly consistent composition with 
serine, threonine, proline, alanine and glycine accounting for 5b% of 



Results 



Purification and deglycosylation cf mucin glycoprotein 



Ifucin glycoprotein reactive with the monoclonal antibody I&EPG-1 



was prepared from pooled human breast milk by using an HVEFG-1 antibody 




the anino acids 



Periodic acid silver stained gels 



revealed a diffuse band of greater than 400,000 daltons visible only 
when the gel was treated with periodic acid before the silver stain 
(Fig. 7, lane 2). Jfo other lover solecular weight bands were 
visualised on the gel using the silver atain without prior treataent 
with periodic acid. 

The purified material was subjected to treataent with hydrogen 

fluoride to remove the O-linked sugars that are characteristic of 

* 

mucin glycoproteins. Two different reaction conditions were used 
which resulted in a partially deglycosylated core protein (treated at 
0*C for 1 hr) and a fully deglycoBylated core protein (treated at roon 
temperature for 3 hr) as determined by iodinated lectin binding 
following separation by gel electrophoresis and transfer to 
nitrocellulose paper (20). The partially deglycoBylated core protein 
was reactive with wheat gems agglutinin, peanut agglutinin and helix 
pomnatia lectin (which recognizes the linkage sugar 
K-acetylgalactoaaaine) whereas the fully stripped protein ahowed no 
reactivity with any of these three lectins. 

The hydrogen fluoride treated core protein was separated by 
electrophoresis through HaDodSO /polyacrylamide gels (10%) *^ silver 
stained. Silver staining revealed that the predominant component of 
the partially stripped mucin was a high molecular weight band of about 
400 id , although faint bands of lower molecular weight could also be 
observed (Fig.B v lane 1). Since the high solecular weight material 
showed a somewhat increased nobility in the gel and reacted with the 
lectin recognising the linkage sugar 9 it can be assumed that seme 
sugars had been reaoved. The fully stripped mucin consisted of two 
bands of about 68 kri and 72 kd (Fig. 8 f lane 2). 
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Antibody reactive proteins produced by MCP-7 cells 

The MCF-7 breast cancer cell line expresses large amounts of 
H1£?G~1 and -2 reactire material on its cell surface (14) and was thus 
judged to be a suitable source of mRKA for a cDKA library. Before 
proceeding to screen the MCF-7 library vith the sonoclonal antibodies, 
they were tested for their ability to precipitate a component from in 
vitro translation products produced from MCF-7 s£XA. Poly (A) + RNA 
from MCF-7 was "pTB'pB.red and translated in vitro . ProteinB from the 
translation reaction were immunoprecipitated using the monoclonal 

antibodies K£FG-1 , HMFG-2, SM-3 and Si!-4 and displayed by 

polyacrylaxaide gel electrophoresis and fluorography (Fig. 9). Two 

proteins of about 68 kd and 92 kd were imaunoprecipitated by S14-3 

(lane 2) and SiS-4 (lane 1). It was also found that HLEFG-1 (lane 4) 

and HKFG-2 (lane 3) immunoprecipitated these proteins; however, no 

bands in these areas were precipitated by an irrelevant monoclonal 

antibody to human interferon (lane 5). The fact that HH7G-1 and -2 

imaunoprecipitated these proteinB was an unexpected finding as it was 

previously thought that these HAbs recognize carbohydrate 

determinants (1)» However, we also found that 2&£?G-1 and -2 react 

very strongly with the fully stripped, iodinated core protein (20). 

These results together' with the MAb reactions on the p-g alactosidase 

fusion proteins (see below) confirm that the epitopes for HMFG-1 and 

-2 are, at least in part, protein in nature. 

The abundance of the core protein s&RHA in total cellular poly (A)* 

35 

UNA was 4% as estimated by comparing the amount of ( S)methionine 
present as imaunoprecipitated protein to the amount of methionine 




WO £8/05054 '& :F PCT/GB88/00011 



-43 • 



incorporated into total protein during in vitro translation. 



Screening of the cDKA library 

The IgtH cDKA library made from size selected HC7-7 m£XA (see 
Methods) was screened initially with the polyclonal antiserum made to 
the mucin core protein which had been stripped of its carbohydrate. 
Screening of 2 I 10° plaques resulted in 11 positive clones, 7 of 
which were taken successfully through two further rounds of plaque 
purification. 

To demonstrate that the reactivity of the phage clones with the 
antibody probes was due to antigenic determinants on the cDNA 
translation product, {5-galactosidase fusion proteins were made from 
all 7 clones. The proteins were separated by electrophoresis, 
transferred to nitrocellulose paper and probed with a variety of 
antibodies to the stripped mucin , including the polyclonal antiserum 
which was used initially to select the clones and a cocktail o* SM-3 
and SU~4. In addition, and the two monoclonal 

antibodies which originally detected this differentiation and 
-tumour-associated epithelial mucin (1,14) were tested. All 7 clones 
yielded fusion proteins which were specifically recognized by the 
polyclonal antiserum, the monoclonal cocktail, and Hi£?G-2. HVEFG-1 
antibody reacted with 6 of the 7 fusion proteins and failed to 
recognize the protein from clone 9 which contains the smallest insert. 
In ©very case the strongest signal was given by the B£?G-2 antibody 
and this reaction is shown in Pigureio. Monoclonal antibodies to 
keratins and to a carbohydrate epitope on this fully glycosylated 
mucin were used as controls and showed no reactivity 
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A monoclonal antibody to g-galactosidase was a positive control and 
the band recognized correlated in every case with the band recognized 
by the specific antibodies. The sizes of the fusion proteins raried 
in proportion to the sizes of the cDKA inserts found in the 
bacteriophage. 

Characterization of cDKAs and HKA blot analysis 

The inserts from the X clones vers designated pHUC3-1 0 (omitting 
pHTJC5) and were subcloned into the rector pUC 8 for easier 
manipulation . The 7 clones were compared to each" other for sequence 
homology. Each of the plasmids was digested with EcoKI and the insert 
separated on a 1.4£ agarose gel. The largest eSKA insert from pHTJClQ 
was used to probe the inserts and found to hybridize to all 6 inserts 
(Pig^l). plfUC 7 was found to contain two inserts following digestion 
with EcoRI; however, only 1 of the inserts hybridized to the pHUCIO 
probe. The insert bands were not derived from phage DNA since the 
pl!UC1 0 probe did not hybridize to Kind Ill-digested X phage DNA 

As shown by agarose gel electrophoresis (Fig. 11), the 
inserts wary in size from about 200 to up to about 1600 bp. The 
largest insert from plfUCIO has been used as the hybridization probe in 
all subsequent experiments* 

Because the XMUO clones were identified only by. antibody binding t 
we needed additional assurance that they were indeed coding for the 
breast epithelial mucin. To determine the authenticity of pJIUCIO, we 
correlated the presence of mRKA hybridizing to the done with mucin 
expression in Tarious cell lines. As shown in figure 3J?*the cDNA 
hybridized to two transcripts of 4 5 7 kb and 6.4 kb in the RKA from the 
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breast cancer cell lines MCF-7 and T47D which were shown previously to 
express the H3£?G-2 antigen (1,14). Significantly, the plfUCIO probe 
hybridized. to tranacriptB of approximately the same size in RUA 
extracted from normal aammary epithelial cells cultured from milk 
(42). A third band of 5.7kb can be seen in the RMA from these normal 
cells* In contrast, three human cell types that lack the sue in, 
breast fibroblasts, Daudi cells and HS578T, a carcinosarcoma line 
derLred from breast tissue (43), showed no detectable pVTDCI 0-related 
&HKA. The 6.4 kb band appears to be the most adundantly expressed. 
The presence of at least two sizes of mRNA f rom 4£CF-7 cells correlates 
with the immunoprecipitation of two proteins of (molecular weightB 66 
kd and 92 kd) from in vitro translated mRNA from UCF-7 cells. The 
normal mammary epithelial cells were derived from pooled silk samples 
and the additional transcript observed may be due to polymorphisms 
among individuals. 



Genomic DKA blot hybridization and detection of a restriction fragment 
length polymorphism (BFVP) 

Genomic DKA was prepared from a panel of ten individuals 
consisting of six unrelated individuals and a family of four, from 
-three cell lines. The XfKAs which were digested with Hinfl or EcoRI 
and blotted and hybridized to the radiolabelled pUUCIO insert, exhibit 
restriction fragment length polymorphisms « The restriction fragments 
from the ten individuals and three cell lines are shown in figure 13. 
The pattern consists of either a single band, or a doublet of sixes 
ranging from S400bp to 62D0bp in the Hinfl digest (with the exception 
of the ZR75-1 ENA is lane 12, f igure 13A*^ich shows three bands) or 
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froa 8200bp to B500bp in the EcoRI digest (Figure 13 B ). There appears 
to be a continuous distribution of the fragment sizes which implies & 
high in Tito instability at the locus. The pattern of fragments 
observed in the family of four (lanes 1-4) suggests that these 
fragments are allelic. Preliminary studies of the UNA made from white 
blood cells of normal, related indiTiduals indicate the existence of a 
number of independent alleles with an autosomal codominant node of 
inheritance TheBe 

studies will be the subject of & separate investigation. 

Discussion 

The cDNA clones described here which were obtained from the MCF-7 
Xgt11 library were selected using polyclonal and monoclonal antibodies 
prepared against a normal cellular product, the ailk mucin in its 
deglycosylated form. This was done because it was easier to obtain 
large quantities of the mucin for stripping than to-prepare siailar 
quantities of immunologically related glycoproteins expressed by 
breast cancer cells (44). The fact that the antibodies did select for 
cDNA coding for nonglycosylated core protein molecules in MCF-7 cells, 
strongly suggests that the glycoproteins in these cells, which were 
originally detected by their reaction with antibodies to the ailk 
mucin, contain the sane core protein as this mucin. This is confirmed 
by the detection of aR2iAs of approximately the same sizes in the 
normal and malignant cells, tising one of the probes isolated from the 
ifCF-7 library. We will therefore refer to the antibody reactive 
glycoproteins en breast cancer cells as mucins, bearing in mind that 
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their processing rsay be different resulting in jaoleculeB cf different 
molecular weights but with the aaae core protein as that of the silk 
sue in . 

Seven clones were obtained from the MCF-7 library of which the 
largest was 1600fcb. This clone cross hybridized with the other 6 
•caller clones. The p~galactosidaae fusion proteins expressed by six 
of the cross-hybridizing lambda clones were reactive with the 
polyclonal antiserum directed against the mucin core protein as well 
as with four well-characteriied monoclonal antibodies directed to 
various epitopes on the stripped core protein, Hi£FG-1 and 

Kl£FG-2 (14,20). The Bsallest laabda clone, X1TJC9, produced a 
0-galactosidase fusion protein which reacted with three of the four 
monoclonal antibodies and with the polyclonal antiserum. 

The surprising result that the extensively characterized ffi£FG~1 
and H£7G-2 monoclonal antibodies reacted strongly with the laabda 
plaques and the fusion proteins and could inaunoprecipitate proteins 
froa in vitro translated aRKA provides strong evidence that these 
clones do indeed code for a portion of the mucin core protein. 
Although previous evidence such as resistance to fixation, boiling, 

treatment with dithiothreitol and HaDodSO. the presence of 

4 

multiple epitopes on the molecule suggested that these were 
carbohydrate (1), it has now been established that the epitopes of the 
HKFG-1 and H3£FG-2 monoclonal antibodies are definitely protein in 
nature* Carbohydrate may be required to obtain the strongest binding, 
either as part of the epitope or by conferring some conformational 
change on the protein portion, but part of the antigenic determinant 
must consist of an asino acid sequence. Since these two ItAbB are 
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reactive with the fully glycosylated silk nucin as well as the 
■tripped core protein, this data Beans that the intact aolecule 
contains areas of naked peptide which contribute to the antigenic 

sites for these two antibodies. 

Confirmatory evidence that ptfUCIO codes for the mammary mucin core 
protein is provided by RXA blots. The relative abundance of mSXA in 
the breast cancer cell lines MCP-7, T47D, ZR-75-1 and in normal 
mammary epithelial cells corresponds to the antigen expression by 
these cells as measured by the binding of the H£FG-1 and HM?Cr-2 
monoclonal antibodies. Cell types which are negative for antigen 
expression such as human fibroblasts, Daudi cells and HS578T, a 
carcinosarcoma line derived from breast (14). are negative in RKA blot 
hybridizations. A fortuituous observation made with the ZR-75-1 
cells yielded indirect strong evidence that pKUCIG does indeed code 
for the mucin glycoprotein core protein. This cell line, which 
routinely expresses large amounts both of mRNA and antigen, yielded 
one preparation of UNA which was unexpectedly negative by blot 
hybridization. It waB subsequently found that those particular 
ZR-75-1 cells from which the RKA had been made had lost the expression 
of the antigen as well at this time (as determined by reaction with 
Hl£?G-1 and 2). Different passage numbers of the ZR-75-1 cells were 
recovered and shown once again to express both antigen and message. 
The sizes of the messages , 4.7 kb and 6.4 kb, are quite large, aince a 
68 kd or 92 Id protein would need only about 3 kb to code for the 
protein portions. This suggests that a large portion of the mRXA 
maybe untranslated. Efforts are raderir&y to obtain a full-length 
clone . 
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Thus, the cDNA clones presented here represent a portion of the 
gene coding for the human maaaary zcucin which is expressed by 
differentiated breast tissue as well as by most breast cancers. The 
major proteins precipitated froa in vitro translation products of RKA 
from MCP-7 cells by antibodies to the milk mucin core protein (68Id) 
have an apparent molecular veight of 68Id and 9ZXd. These proteins, 
produced by the breast cancer cell therefore ahare epitopes vith the 
6BId core protein of the milk mucin (20). Ihether a similar BZZd 
protein is also produced by noraa! masaary epithelial cells, and is 
truncated or destroyed by HP treatment is not yet clear. HCP-7 cells 
biosynthetically labelled with UC amino acids yield upon 
isounoprecipitation with »£PG-1 and KH?G-2 antibodies, two 
glycosylated proteins of 520 kd and 430 kd t and it 

is possible that each of these glycoproteins trtilixeB only one core 
protein of either 68Id or 92Zd. Alternatively, each of the 

glycoproteins could contain both the 92Id and 6BSd proteins either in 

* 

different proportions or Tariably glycosylated. Further screening of 
the library may yield full length cDNAs coding for both sizes of the 
icsunologically related core proteins. Since there appears to be only 
a single gene (based on Southern blot data obtained by using a partial 
cDNA probe) , it is probable that the multiple messages arise by 
alternatiTe RNA splicing and this would explain the fact that they 
contain common sequences. Although a core protein of 68 kd appears to 
be small to yield a fully glycosylated molecule of greater than 500 kd 
which contains 50 % carbohydrate, there is evidence that such a 
structure for mucins is possible* Ovine submaxillary mucin has a 
reported molecular weight of 1 z 10 daltons (45), yet its protein 
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core consists of 650 amino acids resulting in a molecule of 58 kd 
(46). 

The mucins which are detected with HKFG-1 *^d HU7G-2 KAbs on 
immunoblots of tumours and breast cancer cell lines show variations in 
aixe from 80 kd to 400 kd in the molecular weights of the tumour mucin 
molecules (1»4?)» Baing theme ssme antibodies which detect high 
molecular weight mucins present in normal urine, a polymorphism has 
indeed been ahown to be genetically determined (48). Although the 
very low molecular weight components are likely to represent precursor 
forms of the mucin which appears to be incompletely processed in many 
tumour cells (20) t the variations in the higher molecular weight 
components are likely to be due to this genetic polymorphism. It was 
unclear, however, whether the structural basis of the polymorphism was 
due to the genetically determined protein or to the carbohydrate 
portion of the mucin. The detection of restriction irs&zsnt length 
polymorphisms in the Southern blotting experiments using the mucin 
probe auggest that the mucin polymorphism occurs at the level of the 
DKA which codes for the protein. Preliminary sequence data 
/ku«est that the buii for this polymorphism i» a region 
0 f rariable tandem repeats present in the protein coding •equenees. 
This structural feature may be responsible for the generation of the 
many allelic restriction fragments at the sraein locus. We are 
presently investigating the basis of the mucin polymorphism by a 
Southern blot «urvey of DKA from white blood cells of normal, related 
individuals whose inheritance pattern of urinary mucins has been 
determined. In addition, we are examining DKA preparations made from 
the white blood cells and tumours of individual breast cancer patients 
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to determine if there is any discordance between genotype in the 
paired samples, since tandemly repeated DKA may provide an unstable 
site where recombination or amplification could occur. 

The presence of mucins in the majority of carcinomas and their 
association with the differentiation of mammary epithelial cells males 
it particularly important to identify regions involved in the tissue 
specific and developmental regulation of the gene. Moreover, the 
introduction of a functional mucin gene into cells should provide 
insights into the role of this molecule in breast epithelial 
differentiation and possibly enable us to identify any alterations in 
the function or expression of the mucin which are related to malignant 
transformation in the human breast. 
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Abbreviations 



The abbreviations are as follows: PBS, phosphate-buffered saline; 
HAb , nonoclonal antibody; IPTG, isopropyl {J-D-tbiogalactoaide; bp, 
bue pair (s); Eb, kilobase(t). 
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' XABI£ 1 

Aaino acid coapoBition of the tmaaj gilt aucln - cogparieon *ith PAS-0 

iaiao *cid KW7G-1 purified XxtanaiYely ttripped PJLS-0 

silk svtein silk suein (Ei -iru & Xaaauclii 

1982) 



Asp 


6.1 


7.2 


6.4 


Thr 


9.4 


9.7 


9.8 


Ser 


9.1 


13.0 


13.1 


Glz 


6.3 


9.6 


8.3 


Pro 


14.8 


14.4 


12-0 

* ** • V 


Gly 


8.1 


10.1 


12.2 


Ala 


12.3 


11.9 


13.0 


Cys 


Hot analysed 


Hot analysed 


0.5 


Yal 


6.0 


6.3 


5.3 


Met 


0.5 


0.4 


0.6 


n« 


1.6 


1.7 


1.9 


Leu 


4.5 


4.B 


S.7 




2.0 


0.9 


1.6 


Pie 


2.0 


1.6 


1.7 


His 


3.2 


2.3 


8.8 




2.6 


3.3 


2.2 


Arg 


4.0 


4.0 


S o 9 
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Table 2 



Reactivity of the antibodies on intact, partially and total! 



deglycoeylated nilfc cue in 



125 



I cpo bound 



Antibody Intact »olecule 



Totally 



•tripped Kracin stripped aucin 



5.17 


6,524 


11 ,925 


5,780 


9.13 


525 


2,000 


2,226 


EK-3 


455 


15,414 


. 9,200 


Si-4 


616 


16,750 


9,561 


JOFG-1 


32,000 

* 


23,768 


9,494 


JflEFG-2 


29,500 


29,230 


15,832 


KS2 &ed lira 


297 


S45 


650 



The blading of the antibodies to iodinated intaet, partially and 
totally deglycoaylated ail* micin via assayed nain* the protein A 
plate aethod as deacribed in Materials and Methods. 
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